Introduction: Attenuation is one of the most important factors which have an impact on the accuracy on quantitation of activity when using gamma camera image in a medium. Due to attenuation a number of photons are lost and there is also loss of counts which otherwise would have been included in the images. The purpose of this study is to estimate the linear attenuation coefficient for Tc-99m with water filled phantom using conjugate view method and transmission method and compare the obtained measurements with the reference values. Materials and Methods: To determine the linear attenuation coefficient of radionuclide Tc-99m using conjugate view method, the sensitivity of the gamma camera was determined. 30 MBq of Tc-99m was taken which was measured in dose calibrator and gamma camera images were acquired. Then the sensitivity was calculated as CPS/MBq. A Jaszczak phantom was filled up with water and a small sized cylindrical container filled with activity of 30 MBq Tc-99m liquid was placed inside the Jaszczak phantom centrally. The phantom was scanned on a dual head gamma camera and the images were taken and counts from the images were estimated. After estimation of all values, the linear attenuation coefficient was calculated using conjugate view formula. The linear attenuation coefficient was also measured from the transmission imaging. The transmission factor (TF) was determined by measuring the ratio of count rates obtained with Tc-99m under gamma camera, with and without the phantom. Results: The linear attenuation coefficient was calculated 0.1467 ± 0.0057 from conjugate view method and 0.1483 ± 0.0023 from transmission measurements. Both results were found within ±5% of the established value (0.15 cm -1 ).
INTRODUCTION
A number of factors impact the accuracy of activity quantitation in gamma camera imaging. The most important factor is attenuation in the medium containing the activity. Attenuation removes photons by means of the loss of counts which otherwise would have been included in the images (1) . The linear attenuation coefficient (µ e ) describes the fraction of gamma rays that is absorbed or scattered per unit thickness of the absorber. The unit of linear attenuation coefficient is cm -1. The linear attenuation coefficient mainly depends upon the composition of the attenuating material and the photon energy (2) .
When gamma photons are attenuated, the number of photons that travel through the material is given by the following equation:
Where I 0 and I represent counts detected without attenuation and with attenuation respectively through the material thickness d, with attenuation coefficient µ. For Technetium-99m which contains 140keV gamma energy, the µ value is 0.15/cm for most of human tissues; but higher for higher density bone and less for lung, which contains air (3).
The purpose of this study is to estimate the linear attenuation coefficient of Tc-99m with water filled phantom using methods mentioned above and compare to the reference values. The reference value of the linear attenuation coefficient for Tc-99m is 0.15/cm for water, which is almost same as for the human tissues value (4).
MATERIALS AND METHODS
Conjugate view method for gamma camera planar images was used to determine the linear attenuation coefficient for radionuclide Tc-99m in water. To determine the sensitivity of the gamma camera, 30
MBq of Tc-99m was taken which was measured from a dose calibrator (Model Veenstra, VDC-405, Where F= 1-l/L, l = source thickness, L = phantom thickness.
After estimation of all values, the linear attenuation coefficient was calculated using conjugate view formula. The calculation from conjugate view formula using MIRD pamphlet no.16 is (7).
Where, f provides the correction for the source region attenuation. f is a correction dependent on object or source thickness that is always less than or equal to 1 and is 1 for small objects (8) . I A and I P determine the anterior and posterior conjugate view count rates for the region to be quantitated through ROI analysis,  is the transmission factor and C is the system calibration factor (count rate per unit activity). After finding all values, we calculated the τ value (transmission factor) from equation (3).
The transmission factor is: filled Jaszczak phantom scanned along with the flood source filled with water which was mixed with 20mCi of Tc-99m. A blank scan of flood source without the phantom was also performed using the same acquisition parameters of camera. The transmission factor was determined by measuring the ratio of count rates, obtained by using the Tc-99m both with and without the phantom in position using equation (5) .
TF (τ) = cts/pixel (transmission)/cts/pixel(blank image)…… (5) After calculating the transmission factor, we measured the linear attenuation coefficient value from equation (4)
RESULTS
The linear attenuation coefficient was calculated with measured system calibration factor, background correction factor, known activity and count rates using conjugate view formula. From conjugate view method calculation, the L value for Phantom was 22 cm which was the diameter of the phantom, f value was 1 for very small source, A was 30 MBq; the known activity and C value was 148 CPS/MBq. From second method, the linear attenuation coefficient was calculated from transmission factor formula using transmission imaging. Again the L value for Phantom was 22 cm (the diameter of the phantom).
For the conjugate view method, the average of 5 readings resulted in linear attenuation coefficient value of 0.1467 ± 0.0057 cm -1 . From second method, the average linear attenuation coefficient value was found to be 0.1483 ± 0.0023 cm -1 . Both results were found within ± 5% of the established value (0.15 cm -1 ).
DISCUSSIONS
From the conjugate view method, the attenuation coefficient was measured with a known activity of Tc-99m. In the second method, the attenuation coefficient was estimated by transmission measurements using the same camera, collimators and camera acquisition parameters throughout the study. The measurement of attenuation coefficient from gamma camera imaging was better when this was determined by transmission measurements. The background correction method, which considers the source volume combined with quantitative planar imaging; provides more accurate results for the estimation of attenuation coefficient value, compared with the conventional method without background subtraction. 
